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© Semiconductor structure for high power integrated circuits. 



© A semiconductor structure for high power in- 
tegrated circuits is fabricated having a substrate 
(20), a first and second epitaxial layer (21) and (26), 
each having a patterned buried layer (25) and (30), 
and a third epitaxial layer (32) in which power, logic 
and analogic devices-are formed. The power device 
is formed in an isolated region of the third epitaxial 
layer (32) over the buried layers (25) and (30), which 
provide for good electrical contact to the back of the 
substrate (20). The analogic and logic devices are 



formed in the third epitaxial layer (32) outside the 
isolated region of the power device. The thickness of 
the first and second epitaxial layers (21) and (26) 
reduces the NPN parasitic transistor effect. The first 
epitaxial layer (21) may be fabricated with a lower 
resistivity to further reduce the parasitic NPN transis- 
tor effect. The second epitaxial layer (26) can be of a 
higher resistivity in order to reduce autodoping of 
the third epitaxial layer (32). 
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SEMICONDUCTOR STRUCTURE FOR HIGH POWER INTEGRATED CIRCUITS 



Background of the Invention 



This invention relates, in general, to semicon- 
ductor devices, and more particularly, to a process 
of fabricating a semiconductor structure for high 
power integrated circuits. 

High power integrated circuits having both low 
voltage and power transistors, such as logic or 
analog circuits and power MOSFETs or bipolar 
transistors, can be fabricated by isolating regions in 
a semiconductor epitaxial layer on a substrate. 
Presently, techniques for isolating the logic devices 
from the power device include buried layer struc- 
tures and etch refill structures. A buried layer struc- 
ture disclosed in Japanese Patent Publication No. 
61-285750, published on December 16, 1986 v com- 
prises an N* type substrate in which an N pat- 
terned buried layer is formed. A P-type epitaxial is 
grown on the substrate, in which a second N 
patterned buried layer is then formed. An N-type 
epitaxial layer is formed on the P-type epitaxial 
layer. In the N-type epitaxial layer, P* patterned 
isolation regions are formed surrounding the buried 
layer and diffused down to the P-type epitaxial 
layer. The isolated region over the N * buried layer 
is where the power device is formed, and the 
isolated region over the P-type epitaxial layer is 
where the logic devices are formed. A third N 
patterned buried layer is also^ formed below the 
logic device area. The third N* buried layer must 
be formed separately from the second N* buried 
layer because the diffusion depth of the third N 
buried layer must be kept low in order not to 
destroy the isolation. This buried layer structure is 
undesirable because the parasitic NPN transistor 
formed under the logic device area has a tendency 
to turn on at low voltage. To reduce the effect of 
the parasitic NPN transistor, the thickness or the 
doping concentration of the P-type epitaxial layer, 
the base of the parasitic NPN transistor, can be 
increased. An increase in the thickness or the 
doping concentration of a base of an NPN transis- 
tor makes a poor transistor, which is desirable in 
this case. However, in the buried layer structure of 
the prior art, the thickness of the P-type epitaxial 
layer can not be increased more than the length of 
the vertical diffusion of the N* buried layer. This is 
because the N* buried layer must make contact 
with the N* substrate and the N-type epitaxial 
layer. In addition, if the P-type epitaxial layer has a 
high doping concentration, the resistivity of the N- 
type epitaxial layer is difficult to control due to 
autodoping. 

An etch refill structure consists of an N sub- 



strate layer that has been etched to form wells 
therein. Subsequently, a P-type epitaxial layer is 
formed on the surface and in the wells of the N 
substrate. The structure is then ground and pol- 

5 ished, such that the P-type epitaxial layer is left 
only in the wells of the N* substrate. Then, an N- 
type epitaxial layer is formed on the surface of the 
substrate and the P-type epitaxial layer. P pat- 
terned isolation regions are formed in the N-type 

70 epitaxial layer surrounding the N* substrate and 
diffused down to the P-type epitaxial layer. The 
power and logic devices are built in the same 
manner as in the buried layer structure. The etch 
refill structure may be undesirable if polishing 

15 equipment is not readily available. Therefore, it 
would be desirable to provide a semiconductor 
structure which will reduce the NPN parasitic tran- 
sistor effect which can be easily fabricated at a low 
cost, and provide for better device performance. 

20 Accordingly, it is an object of the present in- 

vention to provide a semiconductor structure for 
high power integrated circuits which reduces the 
NPN parasitic transistor effect. 

Another object of the present invention is to 

25 provide a semiconductor structure for high power 
integrated circuits which can be easily fabricated at 
a low cost and better manufacturability. 

An additional object of the present invention is 
to provide a semiconductor structure which pro- 

30 vides for better device performance of high power 
integrated circuits. 

Summary of the Invention 

35 

The above and other objects and advantages 
of the present invention are achieved by providing 
a semiconductor structure comprised of a sub- 

40 strate, a first and second, epitaxial layer, each hav- 
ing a buried layer, and a third epitaxial layer in 
■ - which power and logic or analog devices are 
formed. The total thickness of the first and second 
epitaxial layers reduces the NPN parasitic transis- 

45 tor effect. The first epitaxial layer may be fab- . 
ricated with a lower resistivity, which will further 
reduce the NPN parasitic transistor effect. In addi- 
tion, the second epitaxial layer may be fabricated 
with a high resistivity to reduce autodoping of the 

so third epitaxial layer. The double buried layer will 
provide for a good electrical contact for the power 
device. This substrate provides for better device 
performance, better manufacturability and low cost 
fabrication. 
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Brief Description of Drawings 



FIGS. 1-3 illustrate enlarged, cross-sectional 
views of a portion of a semiconductor substrate 
in various stages representing a first embodi- 
ment of the present invention; and 
FIG. 4 illustrates an enlarged, cross-sectional 
view of a portion of a semiconductor substrate 
representing a second embodiment of the 
present invention. 

Detailed Description of Invention 



FIG. 1 illustrates an enlarged, cross-sectional 
view of a portion of an N-type semiconductor sub- 
strate 20 having a P-type epitaxial layer 21 formed 
on the surface. An N-type dopant is then, intro- 
duced into a selected portion of P-type epitaxial 
layer 21 to form an N-type buried layer 25. The 
portion of P-type epitaxial layer 21 is selected by 
using a mask 22 and standard photolithography 
and etch processes. In a preferred embodiment, 
mask 22 is comprised of an oxide layer and a 
nitride layer. N-type buried layer 25 can be formed 
by a predeposition and diffusion method or an ion 
implantation method. A heavy dose of antimony is 
the N-type dopant preferably used to form N-type 
buried layer 25, because antimony does not exhibit 
much autodoping during subsequent epitaxial 
growth. However, other N-type dopants such as 
arsenic and phosphorous may be used. In one 
embodiment of the present invention, the dopant 
concentration of P-type epitaxial layer 21 is ap- 
proximately 6 X 10 1S atoms/cm 3 . 

FIG. 2 illustrates the structure of FIG. 1 further 
along in the process. First, mask 22 is removed 
from the surface of P-type epitaxial layer 21. P- 
type epitaxial layer 26 is formed on the surface of 
epitaxial layer 21 and then N-type dopants are 
introduced into a selected portion of P-type epitax- 
ial layer 26 to form N-type' buried layer 30. N-type 
buried layer 30 is formed in the same manner as 
N-type buried layer 25, using a mask 27 to selec- 
tively dope P-type epitaxial layer 26. However, 
mask 27 could be different than the mask 22 in 
cases where a special device, such as an updrain 
transistor is to be formed (see FIG. 4). The dopant 
concentration of P-type epitaxial layer 26 is prefer- 
ably lower than the dopant concentration of P-type 
epitaxial layer 21. In one embodiment, the dopant 
concentration of P-type epitaxial layer 26 is ap- 
proximately 1 X 10 1S atoms/cm 3 . The advantages 
resulting from using two P-type epitaxial layers 21 
and 26 will be made more apparent below. 

FIG. 3 illustrates the structure of FIG. 2 further 
along in the process. First, mask 27 is removed. N- 



type buried layers 25 and 30 are then diffused 
such that the interface of each region overlaps 
each other, and" N-type buried layer 25 overlaps 
substrate 20. The thickness of P-type epitaxial lay- 

s ers 21 and 26 are thus determined by the up- 
diffusion and down-diffusion of N-type buried lay- 
ers 25 and 30. For example, if N-type buried layers 
25 and 30 are doped with antimony, each N-type 
buried layer 25 and 30 will diffuse downward ap- 

w proximately 13 microns from the surface of the P- 
type epitaxial layer 21 and 26, respectively. In 
addition, N-type buried layer 25 diffuses upward 
approximately 7 microns, and N-type substrate lay- 
er .20 diffuses upward approximately 7 microns. 

75 Thus, epitaxial layers 21 and 26 cannot be greater 
than approximately 20 microns, the addition of the 
up-diffusion and down-diffusion, in order for N-type 
buried layers 25 and 30 to overlap. The thickness 
of P-type epitaxial layers 21 and 26 would be 

20 different if other N-type dopants which diffuse 
faster, such as arsenic or phosphorous, are used. A 
typical diffusion cycle for N-type buried layers 25 
and 30 is : approximately eight to ten hours at 
1250° C. After the N-type buried layer diffusion 

25 cycle, an N-type epitaxial layer 32 is formed on the 
-surface of P-type epitaxial layer 26 and N-type 
buried layer 30. Subsequently, P-type isolation re- 
gions 33 are formed surrounding N-type buried 
layers 25 and 30 and then diffused through N-type 

30 epitaxial layer 32 to make contact with P-type 
epitaxial layer 26. After isolation regions 33 are 
formed, N-type buried layer region 30 diffuses 
slightly into N-type epitaxial layer 32. The resistiv- 
ity and thickness of N-type epitaxial layer 32 is 

35 chosen- accordingly to optimize the electrical char- 
acteristics of the semiconductor devices built there- 
in. Typically, a power device, such as a power 
MOSFET or a bipolar transistor (not shown) is 
fabricated in N-type epitaxial layer 32 over N-type 

40 buried layers 25 and 30, shown by bracket 35. A 
dense circuit, such as CMOS logic circuit or analog 
device (not shown), is fabricated in N-type epitaxial 
layer 32 over P-type epitaxial layers 21 and 26, 
shown by bracket 37. 

45 Both N-type buried layers 25 and 30 will act as 

good conductive layers between N* substrate 20 
and N-type epitaxial layer 32 to provide for a low 
resistance of the power device. The present inven- 
tion reduces the likelihood that a parasitic NPN 

so transistor, formed by N-type epitaxial layer 32 (the 
emitter), P-type epitaxial layers 21 and 26 (the 
base), and N* substrate 20 (the collector) will turn 
on. By using two P-type epitaxial layers 21 and 26, 
the thickness of the P-type base of the parasitic 

55 . NPN transistor can be increased to reduce the 
effect of the vertical parasitic NPN transistor. To 
prevent the parasitic NPN transistor from turning on 
in higher voltage devices, the thickness of P-type 
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epitaxial layers 21 and 26 must be greater than in 
the lower voltage devices. Thus, using only one P- 
type epitaxial layer, as is done in the prior art, 
would not be sufficient to prevent the vertical NPN 
transistor from turning on, because its thickness is 
limited by a single buried layer diffusion. In addi- 
tion, P-type epitaxial layer 21 can be fabricated 
with a low resistivity, or high dopant concentration, 
which will further reduce the effect of the vertical 
parasitic NPN transistor located in dense circuit 
area 37. P-type epitaxial layer 26 can be fabricated 
with a high resistivity, or low dopant concentration, 
which will help to better control the formation of N- 
type epitaxial layer 32 by reducing the autodoping 
problems. In the present invention, if a greater 
thickness of P-type epitaxial layers 21 and 26 is 
desirable, a third P-type epitaxial layer (not shown) 
having an N-type buried layer could be further 
formed before N-type epitaxial layer 32 is formed. 
Note that each layer can be fabricated having an 
opposite conductivity type of what is shown, in 
order to fabricate a P-channel power device. 

FIG. 4 illustrates a second embodiment of the 
present invention. Dev ice region 35 and 37 are the 
same as shown in FIG. 3, except that a second N 
buried layer 30 is formed in P-type epitaxial layer 
26. A third N* buried layer. 30 is also formed in a 
device region 40. FIG. 4 illustrates how forming 
more than one N* buried layer 30 may be utilized. 
Layer 27, illustrated in FIG. 2, can be patterned to 
form more than one N* buried layer 30 in P-type 
epitaxial layer 26 at the same time, thus another 
masking layer is not required. This can be done 
because two P-type epitaxial layers 21 and 26 are 
formed. If only one P-type epitaxial layer is formed, 
N* buried layers 30 in device regions 37 and 40 
may diffuse to N* substrate 20, thus destroying the 
isolation of the device region 35 from device re- 
gions 37 and 40. Logic or analog circuits (not 
shown) can be formed in N + epitaxial layer 32 in 
device region 37. N* buried lyaer 30 in device 
region 37 will help to further reduce the autodoping 
of N-type epitaxial layer 32. In device region 40, a 
bipolar transistor or an updrain power MOSFET 
(not shown) can be formed. A masking and diffu- 
sion step, which is well known in the art, would be 
needed to form N* collector or updrain region 43. 
N* buried layer 30 in device region 40 is part of 
the collector or drain of the device formed. Those 
skilled in the art can readily recognize that vari- 
ations of the two embodiments shown in FIGs. 3 
and 4 are also desirable. 

By now it should be appreciated that there has 
been provided a new and improved semiconductor 
structure for high power integrated circuits. The 
structure of the present invention can be fabricated 
at low cost and better manufacturability to obtain 
improved device performance. 



Claims 

1. A semiconductor structure, comprising: 
a substrate (20) of a first conductivity type; 

s a first epitaxial layer (21) of a second conductivity 
type, disposed on the substrate (20) and having a 
first buried layer (25) of a first conductivity type; 
a second epitaxial layer (26) of a second conductiv- 
ity type, disposed on the first epitaxial layer (21) 

10 and having a second buried layer (30) of a first 
conductivity type which is formed over the first 
buried layer (25); and 

a third epitaxial layer (32) of a first conductivity 
type disposed on the second epitaxial layer (26), 
is and having isolation regions (33) extending down to 
the second epitaxial layer (26), and surrounding the 
first and the second buried layers (25) and (26). 

2. The semiconductor structure of claim 1 , wherein 
the second epitaxial layer (26) is of a higher re- 

20 sistivity than the first epitaxial layer (21). 

3. The semiconductor structure of claim 1 , wherein 
the first conductivity type is N-type. 

4. The semiconductor structure of claim 1 , wherein 
the first and the second buried layers (25) and (30) 

25 are doped with antimony. 

5. The semiconductor structure of claim 1, further 
comprising: 

at least a third buried layer (30) of a first conductiv- 
ity type which is formed in the second epitaxial 
30 layer (26) adjacent the second buried layer (30). 

6. The semiconductor structure of claim 1, further 
comprising: 

at least a fourth epitaxial layer of a second con- 
ductivity type disposed between the second and 
35 the third* epitaxial layers (26) and (32), and having a 
. third buried layer of a first conductivity type formed 
over the second buried layer (30). 

7. The semiconductor structure of claim 1, further 
comprising: 

40 a power device fabricated in the third epitaxial 
layer (32) over the first and the second buried 
layers (25) and (30), and a logic device fabricated 
in the third epitaxial layer (32), wherein the logic 
device is isolated from the power device by the 

45 isolation regions (33). 
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© A semiconductor structure for high power in- 
tegrated circuits is fabricated having a substrate 
(20), a first and second epitaxial layer (21) and (26), 
each having a patterned buried layer (25) and (30), 
and a third epitaxial layer (32) in which power, logic 
and analogic devices are formed. The power device 
is formed in an isolated region of the third epitaxial 
layer (32) over the buried layers (25) and (30), which 
provide for good electrical contact to the back of the 
substrate (20). The analogic and logic devices are 
formed in the third epitaxial layer (32) outside the 
isolated region of the power device. The thickness of 
the first and second epitaxial layers (21) and (26) 
reduces the NPN parasitic transistor effect. The first 
epitaxial layer (21) may be fabricated with a lower 
resistivity to further reduce the parasitic NPN transis- 
tor effect. The second epitaxial layer (26) can be of a 
higher resistivity in order to reduce autodoping of 
the third epitaxial layer (32). 
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